and ripening of an amorphous aluminogel in an aqueous solution were subjected to ir radiation of ultrasound with various intensities at different frequencies. For comparison with the ripen ing of aluminogels, hydration of amorphous alumina powder in ultrasonic-driven water was studied. It was found that an intensive ultrasound during ripening decreased the relative amount of bayerite, which is a product in the ripening of the amorphous gels, whereas, a moderate ultrasound during ripening in creased the relative amount of bayerite. On the other hand, the relative amount of bayerite increased when the gels were precipitated ultrasonically and ripened normally. The role of ultrasound in the ripening (disso lution-precipitation) process is discussed.
Introduction
Sonochemistry, which implies the use of ultrason ic energy to chemical reactions, is increasingly ap plied to inorganic powder processings.1)-5) Since an energy scale given by an ultrasound is different from that of the other chemistries,6) we can expect it to be a brand-new technique as it is in organic synthesis.7) Actually, we already know that a high-power ultrasound can either enhance or alter the reac tions,1)-5) nucleation and crystal growth8) in several powder systems. However, the grasp of the mechan ism of the ultrasonic effect is quite unsatisfactory. One of the difficulties in the inorganic powder sonochemistry is attributable to the inhomogeneity of the solid-liquid system, where the dissolution of solid particles and the precipitation from liquid phase are tangled with each other.
Another difficulty lies in the lack of knowledge in the "as-precipitated" materials. Although a wet chemical method is widely studied, for example, the synthesis of BaTiO3 or Pb(Zr, Ti)O3 precursors via precipitation in solution, it seems that the attention of the researchers is preferably paid to the "fired" materials but not so much to the "as-precipitated" powders. Actually, we can see a lot of unknown Changes in the infrared (IR) spectra of the ripen ing sample are shown in Fig. 1 (b) . Taking notice of the water band around 3500cm-1, it is found that the growth of bayerite corresponds to the sharpen ing of the band, which may mean the creation of tightly-bonded OH groups. 3. Results and discussion 3.1 Sonication during ripening 3.1.1
Experimental results In order to clarify the role of ultrasound in ripen ing, aluminogel was at first precipitated without soni cation and subsequently ripened with sonication. Figure 3 shows the growth behavior of bayerite phase under the 20kHz-ultrasound (USH) at vari ous intensities. It is found that the moderate sonica tion at 1.9W/cm2 results in the fastening and the en hancement of the bayerite formation. While the in tensity of ultrasound increases, however, the forma tion of bayerite appeared to be suppressed. Similar tendency was obtained in the cases of the 500kHz and the 1740kHz-treatments, as shown in Fig. 4 and Fig. 5 , respectively. According to the chemical analy sis, the Al concentration in the filtrate (actually, the supernatant liquid, in this case) of either the sample MS or USH was found to be at the almost same value, 0.001g/l. From this, we may consider that the Al component in the system is sufficiently included in the precipitate. The reason why the bayerite for mation was enhanced by moderate sonications will be discussed later (Section 3.4). Here we notice why it was suppressed by strong ones. It is found in Fig.  3 that the formation of bayerite at 25.4W/cm2 itself is saturated earlier than the case without ultrasound.
Thus, we may infer that the strong sonication did not delay the formation of bayerite but it promoted the formation of the other phase than bayerite. As will be discussed in the next section, we consider it psuedo-boehmite. Comparing at the same intensity, it may be on the Dissolution-Precipitation Process in the Aluminum Hydroxide-Water System concluded that the lower frequency gives the larger amount of bayerite.
3.1.2
Interpretation on the apparent suppres sion of bayerite Figure 7 shows the XRD patterns of the represen tative samples which contain different amounts of bayerite and pseudo-boehmite. They indicate that the amount of pseudo-boehmite is small when the amount of bayerite is large, and vice versa. Figure 8 shows the IR spectra of the samples MS, USH and several reference materials. Taking notice of the broadening of the band around 3500cm-1, as we did in Fig. 1 (b) , the strongly-sonicated sample appears to involve the "less-tightly-bonded" OH groups. Ad ditionally, it was felt during the experiment that the samples which contained less amount of bayerite were, after they dried, sticky and hard to pulverize, which might suggest the presence of the "less-crys tallized" materials. Although the quantitative iden tification of the pseudo-boehmite phase has not been achieved yet, we consider that the formation of pseu do-boehmite was rather promoted by intensive soni cations.
It is not surprising that an ultrasonic energy alters the reaction paths and the products; this phenomen on is called "sonochemical switching". A number of literatures on sonochemical switching are reported on organic sonochemistry.7) Recently, Luche et al.13), 14) generalized in organic synthesis that "true" sonochemistry is essentially due to the electron trans fer process which is activated by the ultrasonic energy. However, Luche's theory may not be applica ble to the present case because the electron transfer process does not seem significant in this system. Sus lick and his co-workers6), 15) found that an amorphous Fe powder can be obtained by the decomposition of iron pentacarbonyl under an intensive ultrasound, while the normal decomposition of it yields a crystal line Fe powder. They attributed the results to the rapid heating and quenching effect caused by acous Fig. 9 . Formation bayerite in the samples MS and USH; 3min -sonication during precipitation. Shimizu et al.10) reported that the aluminogels precipitated at lower pH's poorly transform to crys talline even if they are ripened at higher pH's. The reason for this is said that the gels precipitated at lower pH's contain more amount of anionic impuri ties than those precipitated at higher pH's. In the present study, the local concentration in the precipitating solution was not uniform just after pour ing ammonia water into AlCl3 solution. It is sup posed that the sonications improved the uniformity in the solution and reduced the gels that were precipi tated at locally lower pH's. Formation of bayerite in the samples MS and USH dur ing hydration.
Hydration of amorphous alumina powder
The crystalline phases appeared in the hydration of amorphous alumina at pH=12.3 is the same as those appeared in the ripening of aluminogels; i.e., pseudo-boehmite and bayerite. Figure 10 shows the growth of bayerite in the sam ples MS and USH. The ultrasonic effects are similar to those in the ripening tests.
The differences between the ripening of gels and the hydration of alumina are; (1) the initial concen tration of the solute in the solution is saturated in the case of ripening in mother solution; while it must be zero in the case of hydration, and (2) the solubility of amorphous alumina is absolutely lower than that of the aluminogels. By comparing the results in Fig. 3 and Fig. 10 , the role of ultrasound in the dissolution precipitation process will be discussed in the next section.
3.4 Effect of ultrasound on dissolution and precipitation Regarding to the time when the bayerite phase ap peared, the experimental results in Fig. 3 and Fig.  10 are summarized in Table 1 . The important distinc tion in the table is that the appearance of bayerite becomes earlier by a moderate sonication in the case of ripening, while it becomes earlier by an intensive one in the case of hydration. The progress of ripen ing and hydration is illustrated in Fig. 11 .
It is inferred that the rate-determining step in the case of ripening is nucleation of bayerite because the aluminum concentration in mother solution should be at saturation when ripening starts. As the nuclei of bayerite grow, the aluminum component should be supplied by the dissolution of aluminogels, for pseudo-boehmite itself hardly dissolves to transform on the Dissolution-Precipitation Process in the Aluminum Hydroxide-Water System into bayerite.11) The dissolution of aluminogels is without doubt accelerated as they are dispersed in the cavitational field. Cavitation is occurring even at the moderate intensity of 1.9W/cm2, since the cavi tation threshold in water is considered to be less than 1 W/cm2.16) Knowing that the size of agglomerated gels can be reduced at least 1/4 by an ultrasonic dispersion,1) their surface area should increase to more than ten times. An excessive sonication, however, may rather promote the nucleation of pseu do-boehmite, as discussed in the Section 3.1. As a consequence, the intensive sonication reduced the ap parent amount of bayerite. 4. Conclusion The effect of ultrasound on the dissolution-precipi tation process in the aluminum hydroxide-water sys tem was investigated. The experimental results ob tained in this study can be explained as follows;
(1) Moderate sonication during ripening may promote the dissolution of aluminogels in the solu tion. Thus, it fastened the formation of bayerite.
(2) Excessive sonication during ripening may alter the nucleation from the saturated solution. It may tend to generate a "less-established" or "poorly crystalline" phase, i.e., pseudo-boehmite. The pro motion of the pseudo-boehmite formation, in other words, the suppression of the bayerite formation, was effective at lower frequencies.
(3) Sonication during the initial precipitation, i.e., the formation of aluminogels, may decrease the concentration heterogeneity in the solution. Thus, it enhanced the formation of bayerite. This was more effective at higher intensity.
